Abstract The objective of this study was to assess the efficacy of paracetamol (acetaminophen) in the treatment of pain and disability in patients with non-specific low back pain. We conducted a systematic review of randomized controlled trials to assess the efficacy of paracetamol in the treatment of pain and disability in patients with non-specific low back pain. A search for randomized controlled trials was conducted using the Medline, Embase and CI-NAHL databases. Trials were eligible if they were randomized controlled trials comparing paracetamol to no treatment, placebo or another treatment in patients with non-specific low back pain. Two of the authors independently assessed trials for methodological quality on the PEDro Scale and extracted data. Continuous pain and disability data were converted to a common 0-10 scale; ordinal data were dichotomized (e.g., no pain, pain). The data was analyzed using the MIX version 1.61 meta-analysis software. Out of 205 unique articles found in the searches, 7 eligible trials were identified.
Introduction
Paracetamol (World Health Organization International Non Proprietary Name), also known as acetaminophen (United States Adopted Name), has been used as an analgesic for approximately 50 years and has relatively few side effects [7] . A review of clinical practice guidelines from around the world, published up until the year 2000, found that almost all the guidelines recommended paracetamol as part of the first line of care for patients with low back pain [11] . Subsequent clinical practice guidelines for acute low back pain, published in Australia [1], New Zealand [6] and Europe [18] and a French guideline for chronic low back pain [4] have also recommended paracetamol. Therefore, given its prominence in clinical practice guidelines, we believed it was important to review the evidence for the efficacy of paracetamol in low back pain treatment.
The aims of this review were to:
• Assess the evidence for the effectiveness of paracetamol compared to placebo or no treatment, in patients with low back pain, for the outcomes of pain and disability.
• Assess the evidence for the effectiveness of paracetamol compared to other treatments, in patients with low back pain, for the outcomes of pain and disability.
Materials and methods

Identification and selection of trials
A search of the Medline, Embase and CINAHL databases up to August 2007 was conducted. The search strategies were based upon those recommended by the Cochrane Collaboration Back Review Group [19] using a sensitive search for randomized controlled trials combined with a specific search for low back pain and paracetamol (Appendix). Titles and abstracts were used to exclude clearly irrelevant studies. Full copies were obtained of all other studies. The reference lists of included trials were also screened for relevant trials and the authors' personal files were reviewed. Handsearching of journals was not undertaken and we did not contact pharmaceutical companies to locate trials. The inclusion criteria for studies were:
1. We were able to locate a reviewer who spoke the language the trial was written in. 2. The trial was a randomized controlled trial. 3. The participants were aged greater than 16 years and were experiencing non-specific low back pain. Trials with both acute (B12 weeks) and chronic (C12 weeks) low back pain were included. Trials of participants with specific pathologies such as fracture, cancer, rheumatological conditions or osteoporosis were excluded from the review. 4. The trial contained data about the efficacy of paracetamol. Accepted treatment contrasts were:
• Paracetamol alone versus placebo or no treatment.
• Paracetamol alone versus another treatment regimen not including paracetamol.
• Paracetamol and another treatment versus the other treatment alone.
Trial selection and data extraction was performed independently by two authors with disagreements resolved by discussion and consensus. We did not blind the authors to aspects of study reports, e.g., title or author names.
Description of trials
The methodological quality of the trials was assessed using the ten scoring items of the PEDro scale. The scores were determined independently by two authors (Reece A. Davies and Christopher G. Maher) and any disagreements were resolved by consensus. The PEDro scale has been found to have acceptable reliability [12] and has also been found to provide a more comprehensive measure of methodological quality than the Jadad scale [3] . Trials with scores less than six were considered of low methodological quality.
The comparison interventions were grouped as placebo/ no treatment, non-steroidal anti-inflammatory drugs, other drugs and other treatments. The primary outcomes for this review were pain and disability post treatment. For this review, disability could be measured through a scale (for example the Roland Morris disability questionnaire) or through other functional outcomes such as ability to work, mobility or performance of activities of daily living. Other outcomes, including intermediate time points for the primary outcomes, were described where possible.
Data analysis
Baseline demographic data (age and sex of participants and the numbers to follow up) as well as outcome data of post treatment pain and disability scores were extracted from the included trials independently by two authors (Reece A. Davies and Christopher G. Maher) with disagreements resolved by consensus. Continuous pain or disability outcomes, such as visual analogue scales (VAS) numerical rating scales (NRS) or the Roland Morris disability questionnaire, were converted to a common 0-10 scale. Scales with less than seven points were not considered continuous and were dichotomized into 'no pain' and 'pain' or 'no disability' and 'disability' [14] .
Effect sizes were calculated using MIX version 1.61 meta-analysis software [2] with relative risks calculated for dichotomized data and weighted mean differences for continuous data. If standard deviations for continuous data were not presented in the trial, they were estimated using the standard error, p value or t value if supplied; otherwise they were estimated from the mean of available standard deviations in accordance with the approach recommended in the Cochrane Handbook for Systematic Reviews [10] . In estimating the standard deviation the first option was to use standard deviations for other time-points for that outcome and treatment group from the same trial. When this was not possible, the mean of all the standard deviations for that outcome for all available trials was calculated. Any trials which were homogenous with respect to participants, intervention, methodological quality and outcome measures were to be included in a meta-analysis. Those trials not included in the meta-analysis had their data presented individually in the text and/or tables. Also included in this individual description were any other outcomes, other than the primary ones, presented in the trials which were of interest.
Results
Identification and selection of trials
The search retrieved 205 unique articles which resulted in seven trials, reported in six articles [8, 9, 13, 15, 17, 20] being included in the review (Fig. 1) . The article by Wiesel et al. [20] reported three trials, of which two met the inclusion criteria. These two trials were considered separately in the analysis for this review.
Description of trials
An overview of each of the included trials is presented in Table 1 with the methodological quality of the trials summarized in Table 2 . None of the trials were large, high quality trials. Randomization and between group statistical comparisons were performed by all trials while concealed allocation and intention to treat analysis were each only fulfilled by one trial.
Five of the trials reported on participants with acute low back pain [8, 13, 15, 17, 20] one trial reported on participants with chronic low back pain [9] and one trial included both participants with acute low back pain and with chronic low back pain as defined for this review [17] .
None of the trials presented data comparing paracetamol with placebo, one trial compared paracetamol with no treatment [13] , four of the trials included a comparison group of NSAIDs [9, 13, 15, 20] two of the trials compared paracetamol with another drug [17, 20] and two of the trials compared paracetamol with a different treatment [8, 15] . All of the trials provided outcome data on pain and five provided data on disability. Due to the heterogeneity of methodological quality, treatment contrast, dosage regimens and outcomes of the trials, a meta-analysis was not performed; however, effect sizes for individual trials were able to be calculated. The data from the trial by Hickey [9] were dichotomized, with a rating of none regarded as recovered for pain and functional disability and all others as not recovered.
Effect of paracetamol versus no treatment
Milgrom and colleagues' trial [13] provided data comparing paracetamol with no treatment for over-exertional low back pain in military recruits and found no significant difference in the rate of resolution of symptoms between paracetamol and no treatment (Table 3) . At the end of treatment paracetamol was found to delay recovery, with a relative risk for recovery of 0.66 (0.44-1.01) compared with no treatment.
Effect of paracetamol versus NSAIDs
Of the four trials that compared paracetamol with a NSAID, two used ibuprofen [13, 15] as the comparison, one used diflunisal [9] and the other used both phenylbutazone and aspirin [20] . One trial investigated participants with chronic low back pain [9] , while the other trials all included only participants with acute low back pain.
Pain outcomes
In each of the four trials the effect of treatment on pain outcomes was not statistically significant; however, two trials reported a trend favoring NSAID treatment. For chronic low back pain, Hickey [9] found at both 2 and 4 weeks that there was no significant difference between diflunisal and paracetamol (Table 3) . For example at 4 weeks paracetamol provided a relative risk (95% confidence interval) of recovery compared to diflunisal of 0.80 (0.24-2.71). Milgrom and colleagues' trial [13] investigating acute over-exertional low back pain found no significant difference between paracetamol and ibuprofen in resolving low back pain (Table 3) . At the end of treatment this trial found that paracetamol provided a relative risk (95% confidence interval) of recovery compared to ibuprofen of 0.81 (0.51-1.29). Wiesel and colleagues' trial [20] , investigating acute low back pain, did not provide sufficient data to allow calculation of effect sizes; however, the authors reported that there were no significant differences in the relative pain scores between paracetamol and aspirin or phenylbutazone. Nadler and colleagues' trial [15] also studying people with acute low back pain, comparing paracetamol with ibuprofen also did not provide data that would permit the calculation of effect sizes; however, the largest between group difference was trivially small: 0.2 points on a 6 point pain relief scale.
Disability outcomes
Three trials reported disability outcomes with none reporting statistically significant effects. For chronic low back pain, a single trial [9] found at both 2 and 4 weeks that there was no significant difference between diflunisal and paracetamol in resolving 'functional disability' (Table 3) . For example at 4 weeks paracetamol provided a relative risk (95% confidence interval) for recovery compared with diflunisal of 0.44 (0.11-1.83). Another trial [20] investigating acute low back pain did not provide sufficient data to permit effect sizes to be calculated. The trial found no significant differences between paracetamol, aspirin and phenylbutazone in number of days before return to full activity (5.7, 5.7 and 5.5 days, respectively). The third trial [15] , investigating acute low back pain and comparing paracetamol to ibuprofen, did not provide outcome data to permit effect sizes to be calculated. However, the between group differences for reduction in disability, measured on the Roland Morris disability questionnaire, were too small to be clinically relevant with the largest being 0.2 points (95% confidence intervals unable to be calculated) on a converted 0-10 scale. 1 Randomisation, 2 concealed allocation, 3 baseline comparability, 4 subject blinding, 5 therapist/physician blinding, 6 assessor blinding, 7 adequate follow-up (C85%), 8 intention-to-treat analysis, 9 between group statistical comparisons, 10 point measures and measures of variability, Total total number of fulfilled items (maximum = 10); ?, fulfilled; -, not fulfilled
Effect of paracetamol versus other drugs
Of the trials comparing paracetamol with other drugs, one used amitriptyline (a tricyclic antidepressant) in a trial that included participants with both acute and chronic low back pain [17] while the other trial used codeine and oxycodone plus aspirin for participants with acute low back pain [20] .
Pain outcomes
Stein and colleagues' trial [17] investigating both acute and chronic low back pain found that paracetamol was less effective in reducing pain than amitriptyline. The between group differences ranged from 1.1 to 1.5 (Table 4) with the difference being statistically significant at week 4: effect size 1.5 (0.1-2.9). Another study [20] investigating acute low back pain supplied no numerical data about codeine and oxycodone plus aspirin compared with paracetamol for pain; however, they stated that both provided greater pain relief than paracetamol, especially in the first 3 days.
Disability outcomes
A trial [20] investigating acute low back pain found no significant difference between paracetamol, codeine and oxycodone plus aspirin for the number of days before return to full activity (5.6, 5.2 and 5.6 days, respectively). Effect of paracetamol versus other interventions For the two trials that compared paracetamol with other interventions in participants with acute low back pain, one used electroacupuncture [8] and the other used heat wraps [15] .
Pain outcomes
Hackettt and colleagues' trial [8] investigating acute low back pain reported that electroacupuncture provided greater pain reduction after 6 weeks than paracetamol (Table 4) , with the between group difference being 1.0 (-0.2-2.3). Another trial [15] also investigating acute low back pain compared paracetamol to heat wraps but did not provide outcome data to permit effect sizes to be calculated. However, the between group differences for paracetamol and heat wraps, were found to be statistically significant. The largest difference was reported on the second day: 0.8 on a 6 point pain relief scale.
Disability outcomes
Hackett and colleagues' trial [8] investigating acute low back pain reported that electroacupuncture provided greater improvements in mobility than paracetamol after 6 weeks (Table 4) , with the between group difference being 1.4 points on a 0-10 scale (95% confidence intervals unable to be calculated). Nadler and colleagues' trial [15] investigating acute low back pain did not provide outcome data to permit effect sizes to be calculated. However, the heat wrap group had greater improvements in disability than the paracetamol group and these differences were found to be statistically significant by 4 days: 0.8 (95% confidence intervals unable to be calculated) on the Roland Morris disability questionnaire converted to 0-10 points.
Discussion
This systematic review has failed to find evidence to support the widely held view that paracetamol is effective in the treatment of non-specific low back pain. A number of problems with the previous research have been highlighted by this review. These problems include the lack of large high quality trials, inadequate reporting of methods and results, results that appear implausible and the choice of treatment contrasts used in the trials. The results of this review demonstrate a clear need for further quality research into the efficacy of paracetamol in patients with low back pain. Considering how widely paracetamol is recommended for low back pain, it is very surprising that there are so few trials investigating its efficacy, and that the quality of the existing trials is so low. The trials included in this review were clearly underpowered with only one trial reporting more than 24 participants per group [15] . The small sample sizes likely contributed to the imprecise estimates of treatment effects in many of the trials. While this problem could potentially be overcome through meta-analysis, the heterogeneity of the trials precluded pooling. Small sample sizes can also lead to biased results if by chance randomization leads to groups with different baseline characteristics or prognosis. This possibility was difficult to assess as the baseline characteristics of the participants were only presented in two of the seven trials in this review.
The trials included in the review appear to be of low methodological quality and this may be a consequence of the age of the trials, with only one having been published within the last 10 years [15] . Methodological features that were particularly problematic were a failure to use concealed allocation of participants and intention to treat analysis, which were each satisfied in only one trial. The poor methodological quality of the included trials means that they are likely to report biased results. Future trials need to overcome these serious methodological flaws to provide less biased estimates of the efficacy of paracetamol in patients with low back pain.
Another problem with the trials included in the review is the poor reporting of methods and results and poor measurement of outcomes. As already mentioned, baseline data were only reported for two of the trials [15, 17] with another two of the trials not even describing how many participants were in each of the groups [8, 20] . These trials also lacked sufficient information about the dosages of paracetamol and some of the other drugs, only stating the number of tablets given but not providing information on the dose of drug in each tablet. Only one of six trials used a validated pain scale with the remainder using their own unvalidated pain scales. For example, Wiesel et al. [20] developed their own measure of relative pain change and Nadler et al. [15] used a scale of pain relief that did not allow the possibility of deterioration, thereby potentially biasing the results. Wiesel et al. [20] also did not provide numerical data to back up their conclusion that analgesic medications reduce the pain experienced in low back pain, meaning there is no way to establish what was the actual degree of benefit.
Some of the results that were reported in the included trials appeared implausible. For example in the trial by Hackett et al. [8] where pain was measured on a 100 mm VAS the mean follow up pain scores for the electroacupuncture group was reported as 3.3 and 1.9: a result that could only occur if nearly all participants gained complete pain relief. Milgrom et al. [13] reported an even odder result with both paracetamol and ibuprofen providing worse (though not statistically significant) outcomes than no treatment. We would advise caution in the interpretation of the results of these two trials until they are replicated in large high quality trials.
The treatment contrasts in the available paracetamol trials are not particularly helpful when attempting to judge the effectiveness of paracetamol as advocated in guidelines. The typical recommendation in guidelines for acute low back pain is that patients be provided with advice and paracetamol as the first line of treatment. Unfortunately only one trial has compared paracetamol to no treatment or placebo and no trials have evaluated whether paracetamol provides an additional benefit to advice alone. There are also no trials that have investigated the optimal way to take paracetamol, e.g., time-contingent or pain-contingent use of paracetamol or the optimum dose. In our view these are important areas for future research.
A limitation of the review was that we were only able to locate a small number of trials and these were typically small and of low quality. This is a potential problem because small low quality studies are thought to over-estimate the effects of treatment compared to large well-conducted studies [16] . Additionally our review is susceptible to publication bias, where trials with negative results are less likely to be published than those with positive results [5] . However, the effects of these two limitations are to produce overly optimistic estimates of the effect of treatment and are less relevant given our conclusion. We do not believe that the review has introduced a language of publication bias [5] because we did not exclude any studies because we could not locate a reviewer who spoke the language the paper was written in.
In conclusion, there is insufficient evidence to make a determination of paracetamol's effectiveness in low back pain treatment. This is concerning since paracetamol is recommended as part of the baseline care in most clinical guidelines for low back pain. It is unclear how much of an effect, if any, paracetamol provides in improving pain and disability in low back pain. This is due to the absence of any placebo controlled trials and the small number, very low quality and lack of homogeneity of the existing trials comparing paracetamol to other treatments. There is a need for large high quality randomized controlled trials comparing paracetamol to placebo in low back pain to establish the validity of the current recommendations of clinical guidelines from around the world.
